Experimental Study of Formaldehyde Diffusion with in Building Materials in Different High-Voltage Electric Field  by Xu, Bo et al.
 Procedia Engineering  121 ( 2015 )  256 – 261 
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ISHVAC-COBEE 2015
doi: 10.1016/j.proeng.2015.08.1066 
ScienceDirect
Available online at www.sciencedirect.com
9th International Symposium on Heating, Ventilation and Air Conditioning (ISHVAC) and the 3rd 
International Conference on Building Energy and Environment (COBEE)
Experimental Study of Formaldehyde Diffusion with in Building 
Materials in Different High-Voltage Electric Field
Bo Xua, Zhenqian Chena,*, Qiang Maa
aSchool of Energy and Environment, Southeast University, Nanjing, China
Abstract
An experiment of formaldehyde diffusion within building materials in different high-voltage electric field using different samples 
had been done. High Density Fiberboard(HDF) was also tested under uniform and nonuniform electric field respectively. The 
experimental result indicated that formaldehyde emitted from Middle Density Fiberboard (MDF) and HDF were both affected 
strongly in the action of high-voltage electric field. The influence of electric field to MDF and HDF were obvious and almost 
same in low electric intensity, while the enhancement of equilibrium concentration of MDF was greater than that of HDF in 
higher electric intensity. However, the uniform and nonuniform electric field had no obvious different influence to formaldehyde 
diffusion. It can conclude that it was easier for formaldehyde to emit from both MDF and HDF in high voltage field. The 
formaldehyde diffused in the building materials can be speeded up under the action of the high-voltage electric field, which 
provided the feasibility of removing formaldehyde in man-made boards.
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015.
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1. Introduction
Building materials play a major role in determining the indoor air quality due to their large surface areas and 
permanent exposure to indoor air. Building materials may release a wide variety of pollutants, especially, the volatile 
organic compounds (VOC), which could cause indoor air related health problems (Huang and Haghighat 2003). 
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Formaldehyde, which is regarded as a human carcinogen (Cogliano et al. 2005), is of particular concern 
(Salthammer et al. 2010).
The characteristics of VOC sources and sinks have been studied experimentally, analytically and numerically. As 
early as in the last century, many researchers have focused on the simulation of VOC emissions from building 
materials. Generally speaking, there are two kinds of VOC emission models in the literature (Yang 1999; Merrill et 
al. 1987) - empirical model and mass transfer models. However, the true obstacle in the development of models 
capable of simulating realistic building configurations is the lack of experimental data for the physical parameters 
involved in the equations, especially sorption isotherms and diffusion coefficients. In principle, experimental method 
provides the most realistic results. As a result, experimental research is still very important and necessary.
Temperature, air velocity and humidity are the crucial environmental parameters that influence VOC emissions 
from building materials (Wolkoff 1998; Bremer et al. 1993; Yang 1999; Gebefugi and Korte 1989; Sollinger et al. 
1993). However, the VOC emissions from building materials under the action of external electric field have been 
rarely studied. Electric field has been widely used for many fields, such as the adsorption of formaldehyde molecule 
on the ZnO nanotube surface (Davood and Leila 2013), CO and NO adsorption at the Pt (111) surface (Koper and 
van Santen 1999), and ion migration in porous media (Peng et al. 2013). As a result, the study of high-voltage 
electric field applied to VOC emissions is essential.
Therefore, in present work, high-voltage electric field was used into the removal of formaldehyde in man-made 
boards, which opened a highly potential possibility for formaldehyde reduction.
Nomenclature
C0      Initial formaldehyde concentration in chamber (mg/m3)
C(t)      Instantaneous Formaldehyde concentration in building material (mg/m3)
Cequ    Equilibrium concentration of formaldehyde in chamber (mg/m3)
hm       Mass transfer coefficient (m/s)
t         Time (h)
E         Electric intensity (kV/m)
MDF     250 mm * 250 mm * 18 mm
HDF     250 mm * 250 mm * 18 mm
2. Methods
2.1. Experimental set-up
The schematic diagram of experimental set-up used in this work was shown in Fig.1. It was mainly composed of 
five parts: the environmental chamber, high-voltage electric field generation system, formaldehyde concentration 
acquisition system, constant temperature control system and temperature and humidity monitoring system.
The size of environmental chamber made by stainless steel was 0.35m×0.35m×0.5m. High-voltage electric field 
generation system included plate electrode made of copper and high-voltage power supply which could provide 
0~50 kV continuous adjustable constant voltage. By using a water bath, the chamber and air temperature could be 
maintained at the desired temperature. After the system reaches thermal equilibrium, the samples were placed into 
the chamber and thereafter the instantaneous concentrations of formaldehyde in the chamber were continuously 
recorded by formaldemeter htv-m until the equilibrium concentration Cequ was reached. The temperature and 
humidity sensors, Agilent 34970A data acquisition instrument and computer were used in temperature and humidity 
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monitoring system. In addition, the chamber was equipped with a small fan to insure good gas mixing and a hot-
wire anemometer was for measuring speed.
Fig.1. The schematic diagram of experimental apparatus
2.2. Materials and procedure
In order to make the mass diffusion in the material be approximately one-dimensional, the side edges of each 
sample were sealed with aluminium foil. Two different samples (MDF and HDF) were kept in the hermetic bags for 
over one week. All samples were tested under the different high-voltage electric field condition from 0, 33.3, 66.6 to 
100 kV/m. HDF was also tested under uniform and nonuniform electric field respectively by using different shapes 
of plate electrodes which were rectangle copper slab and incense coil copper pipe. In addition, samples and plate 
electrodes were parallel in the experiment.
C(t) was recorded every ten minutes. Test started after the C0 fell below 0.01 mg/m3 and ended after six relative 
changes of consecutive formaldehyde concentration were less than 5%. In addition, tests were conducted at 
following temperatures:23f0.5ć, with air humidity in the range of 50±5%. By measuring the air velocity, hm is 
0.0015 m/s.
3. Results
The experimental time for the emission process in the environmental chamber to reach the equilibrium was 
generally less than 1 day. Each group of the data was the average value of at least three groups of experimental data.
3.1. Effect of Formaldehyde Diffusion with Different High-Voltage Electric Field 
Fig.2 compares the formaldehyde concentration in the chamber at different electric intensity of 0, 33.3, 66.6 and 
100 kV/m. The results indicate that the trends of the formaldehyde concentration are similar and Cequ increases 
gradually with the enhancement of electric intensity. Cequ is 1.36 mg/m3 without the electric field, which is 0.24 
mg/m3 less than that at the electric intensity of 33.3 kV/m. What’s more, Cequ at the electric intensities of 66.6 kV/m 
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and 100 kV/m are only 1.66 mg/m3 and 1.71 mg/m3 respectively, which are approximately 22% and 25.7% greater 
than Cequ without the electric field.
Fig.2. Formaldehyde concentration/time profiles under nonuniform electric field with sample of HDF
3.2. Effect of Formaldehyde Diffusion with Different Samples
The instantaneous formaldehyde concentrations in the chamber with samples of HDF and MDF in different high-
voltage electric field are shown in Fig.2 and Fig.3. Cequ of MDF is 1.643 mg/m3, approximately 0.3 mg/m3 higher 
than that of HDF under no electric field condition. However, when electric intensity comes to 33.3 kV/m, Cequ of 
MDF increases about 18.3% and Cequ of HDF increases 17.6%, which points out almost the same enhancement rate. 
In addition, Cequ of MDF increases about 36.1%, which is greater than 25.7% of HDF when electric intensity is 100 
kV/m. What’s more, it takes at least 6h for MDF to reach equilibrium while only needs 4~5h for HDF.
Fig.3. Formaldehyde concentration/time profiles under nonuniform electric field with sample of MDF
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3.3. Effect of Formaldehyde Diffusion with Uniform and Nonuniform Electric Field
As described in Fig.2 and Fig.4, the changes of C(t) under uniform nonuniform electric field are almost same. 
Cequ of HDF under 33.3, 66.6 and 100 kV/m nonuniform electric field are 1.59 mg/m3, 1.63 mg/m3 and 1.7 mg/m3, 
which are only 0.01 mg/m3 less than that under the same intensity uniform electric field. In addition, it also takes 
nearly 4~5h to reach the equilibrium. Therefore, the uniform and nonuniform electric field indicate no obvious 
different influence to formaldehyde diffusion.
Fig.4. Formaldehyde concentration/time profiles under uniform electric field with sample of HDF
4. Discussion
The formaldehyde diffusion is strongly affected by the high-voltage electric field condition with the samples of 
HDF and MDF. The greater the equilibrium concentration is, the more formaldehyde the board will emit. The 
influence of electric field to MDF and HDF are both obvious from low electric intensity, while the enhancement of 
equilibrium concentration of MDF is greater than that of HDF in higher electric intensity. 
One of key factors to formaldehyde diffusion from building materials is adsorption potential. The higher the 
adsorption potential is, the more difficult the formaldehyde will emit. It can be explained as followed: 
Molecular desorption conditions can be expressed as 
a kH H                                                                                                                                                                    (1)
Where, İa is adsorption potential and İk is molecular kinetic energy (Xiong 2010).
When İk remains unchanged, the lower the adsorption potential is, the more formaldehyde molecular will be 
desorbed. What’s more, the adsorption energy reduces nonlinearly with the enhancement of high-voltage electric 
field (He et al. 2003). Hence, with the electric intensity increases, adsorption potential will decrease and more 
formaldehyde molecular will be desorbed. Maybe due to the different properties between HDF and MDF, they react 
differently under the action of high-voltage electric field.
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As described above, the key factor to formaldehyde diffusion is adsorption potential, which shows no difference 
under uniform and nonuniform electric field. In that case, it can explain why the uniform and nonuniform electric 
field have no obvious different influence to formaldehyde diffusion.
5. Conclusions
An experiment of formaldehyde diffusion within building materials in different high-voltage electric field using 
different samples had been done. HDF was also tested under uniform and nonuniform electric field respectively. The 
experimental result indicated that formaldehyde emitted from MDF and HDF were both affected strongly in the 
action of high-voltage electric field. The influence of electric field to MDF and HDF were obvious and almost same 
in low electric intensity, while the enhancement of equilibrium concentration of MDF was greater than that of HDF 
in higher electric intensity. However, the uniform and nonuniform electric field had no obvious different influence 
to formaldehyde diffusion. It can conclude that it was easier for formaldehyde to emit from both MDF and HDF in 
high voltage field. The formaldehyde diffused in the building materials can be speeded up under the action of the 
high-voltage electric field, which provided the feasibility of removing formaldehyde in man-made boards.
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